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 2 
Abstract:  1 
In this paper, we highlight key concepts from dynamical systems theory and 2 
complexity sciences to exemplify constraints on talent development in a sample of 3 
elite cricketers. Eleven international fast bowlers who cumulatively had taken more 4 
than 2,400 test wickets in over 630 international matches were interviewed using an 5 
in-depth, open-ended, and semi-structured approach. Qualitative data were analysed 6 
to identify key components in fast bowling expertise development. Results revealed 7 
that, contrary to traditional perspectives, the athletes progressed through unique, 8 
nonlinear trajectories of development, which appears to be a commonality in the 9 
experts‟ developmental trajectories. During development, individual experts 10 
encountered unique constraints on the acquisition of expertise in cricket fast bowling, 11 
making unique performance adaptations. Specifically, data illustrated experts‟ ability 12 
to continually adapt behaviours under multifaceted ecological constraints.  13 
14 
 3 
In sport the probability of an individual achieving expert levels of performance 1 
has traditionally been regarded as dependent on innate talent or  prolonged exposure 2 
to environmental stimuli promoting learning and development (Howe, Davidson, & 3 
Sloboda, 1998). Research in this area has traditionally been dominated by the nature 4 
(biological) and nurture (environmental) debate, a dialogue crossing many domains in 5 
science (for a review see Davids & Baker, 2007). More recently, these polar 6 
perspectives on sports performance have become entwined, with suggestions that 7 
genes and environments have co-varying and interacting effects (Baker & Davids, 8 
2007). The perception that universal correlates of expert performance exist has come 9 
under increasing criticism (Durand-Bush & Salmela, 2002). Although there are some 10 
common factors that appear to underpin development of expertise, multi-disciplinary 11 
models (e.g. Simmonton, 1999) have highlighted talent development as a nonlinear 12 
process and predict that a range of developmental trajectories over different 13 
timescales can lead to achievement of sporting expertise. These models have criticised 14 
traditional talent identification programmes for overemphasising early identification 15 
and for not considering variations in maturation rates of developing performers 16 
(Abbott, Button, Pepping, & Collins, 2005).  17 
To exemplify, a multi-disciplinary, emergenic and epigenetic model on talent 18 
development was proposed by Simonton (1999). He suggested that talent emerges 19 
from multiplicative and dynamic processes and is likely to operate as an intricate 20 
system beyond the scope of the polarised nature–nurture debate. His mathematical 21 
equations formally operationalised how potential components might contribute to 22 
talent development. Recently, such formalisms were conceptualised within the sports 23 
expertise domain from a dynamical systems theoretical perspective (Phillips, Davids, 24 
Renshaw, & Portus, 2010), capturing expertise acquisition as a noisy and nonlinear 25 
process. This theoretical model proposed expert skill acquisition as emerging from an 26 
interaction between constraints related to the specific individual, task and 27 
environment. Individual performer constraints included personal factors such as 28 
psychological, physiological and anthropometric characteristics. Task constraints 29 
were considered specific to the sports discipline for each developing athlete and 30 
environmental constraints included socio-cultural factors, such as family support, 31 
access to facilities and cultural trends in sport participation. It was argued that the 32 
range of interacting constraints impinging on each athlete is unique and shapes the 33 
acquisition of expertise in sport, resulting in the expectation of varying developmental 34 
 4 
pathways between individuals. Several key features of the model require empirical 1 
investigation including constraints on rates of expertise acquisition and the notion of 2 
individual development trajectories in expert athletes. In this paper we examine 3 
development trajectories of elite fast bowlers in cricket to consider the model‟s 4 
efficacy. It was expected that performance solutions emerging from developing expert 5 
fast bowlers are shaped by the confluence of interacting personal, task and 6 
environmental constraints. The ability of the developing athlete to adapt to 7 
constraints, and produce functional performance solutions will affect their rate of 8 
learning and development.  9 
Complex dynamical systems are highly integrated and can be exemplified by 10 
an individual athlete as well as the athlete-environment relationship. These systems 11 
can transit between different organisational states (the dynamics), as internal and 12 
external constraints, operating at different time scales and described by the same 13 
physical principles, change (acting as information for the system). This process of 14 
development and change can be observed to occur within systems at different levels 15 
(e.g., in an expert individual when „rate limiters‟, such as cognitive and physical sub-16 
systems, become mutually entrained to drive the system to new states of organisation 17 
[expertise]). It can also occur between systems and the environment (e.g., distinct 18 
constraints leading to the emergence of different behaviours in individual experts as 19 
they co-adapt to each other‟s performance innovations) (Phillips et al., 2010). 20 
Through a process of entrainment, like co-adapting biological organisms seeking to 21 
optimize their relative „fitness‟ on an evolutionary landscape, rate-limiting sub-22 
systems of performers can become dependent on what is occurring in other key sub-23 
systems. A phase transition in expertise levels of athletes might, therefore, be 24 
facilitated by a change in the relationship between an athlete‟s sub-systems or with 25 
other performers. This change may emerge as a result of development, experience and 26 
physical or mental practice/training, which might push the whole system to a state of 27 
non-equilibrium. In nonlinear dynamics, if a system is driven to the edge of its current 28 
basin of attraction, the probability of a new state of organization emerging (e.g. a new 29 
level of expertise) increases, due to a breaking of symmetry in initial system structure. 30 
This occurrence exemplifies the process of „self-construction‟ that Kauffmann (1993) 31 
defined in systems that evolve over time. Phillips et al. (2010) highlighted how expert 32 
skill acquisition can be promoted by exploiting dynamical tendencies within athletic 33 
systems and between athletes, by creating diverse learning environments, encouraging 34 
 5 
late specialisation into sport (e.g. from approximately 13-15 years of age; (Côté, 1 
Baker, & Abernethy, 2007) and facilitating discovery learning processes. 2 
A significant first step in investigating the nature of interacting constraints that 3 
have shaped performance development in individuals is to study the experiential 4 
knowledge of current experts in a selected sport and assess how the data fit the model 5 
of interacting constraints on performance development. This approach requires a case 6 
study methodology which enables a deep analysis of individual performers‟ 7 
developmental histories. Some previous research has attempted qualitative analyses of 8 
elite athletes to identify physical, psychological, environmental, and social factors that 9 
constitute elite performance (Weissensteiner, Abernethy, & Farrow, 2009). 10 
Favourable factors included: extensive mental preparation, focus and commitment, 11 
clear goal setting, support from family or friends and opportunities to participate in 12 
residency programs. An important observation related to similarities and differences 13 
in the athletes‟ perceptions. Without providing a detailed theoretical interpretation of 14 
these factors, Weissensteiner and colleagues (2009) proposed the existence of 15 
different pathways and strategies as they developed towards expertise (Durand-Bush 16 
& Salmela, 2002). 17 
The current paper raises questions on the dynamics of expertise acquisition 18 
and the developmental trajectories of expert athletes. The purpose of this study was to 19 
investigate the utility of a multi-dimensional model of expertise development using 20 
the sport of cricket as the task vehicle. The developmental pathways or trajectories of 21 
elite cricketers, specifically nationally selected and established fast bowlers in 22 
Australia, were explored to identify the major constraints perceived by them to be 23 
important in the development and maintenance of expert performance. To achieve our 24 
aim of studying developmental trajectories of expert fast bowlers, it was decided to 25 
focus on experiences of the most accomplished experts. Such an approach needed to 26 
include analysis of their achievements at the highest level of performance and to 27 
explore the potential basis of performance longevity. Open-ended interviews have 28 
been previously used to examine competencies among elite performers to derive 29 
factors associated with the development and maintenance of success in a skill 30 
(Durand-Bush & Salmela, 2002). Allied to this method of obtaining information, 31 
grounded theory allows exploration of concepts as they emerge, and inductive 32 
hypothesizing of theory relating to the development of expertise (Glaser & Strauss, 33 
1967). 34 
 6 
 1 
 2 
Methods 3 
Participants 4 
Eleven past or present Australian international elite fast bowlers who had 5 
taken more than 2,400 international test wickets in over 630 international test matches 6 
were interviewed. Elite fast bowlers were selected for analysis because there has been 7 
very little previous work on the acquisition of expertise and performance development 8 
in that sport domain. Most previous work on cricket fast bowlers has tended to focus 9 
on injuries and their prevention . Participant demographics are shown in Table 1
1
. 10 
Specifically, the fast bowlers satisfied the predetermined criteria of: a) capability of 11 
producing an average bowling speed of greater than 130km/hr or classification as fast 12 
or fast-medium bowlers by members of the Cricket Australia Technical Fast Bowling 13 
Group; b) having taken at least 75 international test wickets; and c) having bowled in 14 
at least 20 international test matches. 15 
 16 
****Table 1 near here**** 17 
 18 
Data Collection and Analysis 19 
Participants were contacted through a letter of invitation in cooperation with 20 
Cricket Australia. They were informed of the purpose and potential benefits of the 21 
study, and given details of their expected involvement and interview content. All 22 
semi-structured qualitative interviews were conducted by the primary researcher, with 23 
ten occurring face-to-face and one by telephone. All interviews were recorded on an 24 
mp3 storage device and lasted between 40-70 minutes. Pilot work consisted of 25 
interviews with two elite fast bowlers outside the precise inclusion criteria for the 26 
main study. This work was conducted to review and refine interview content, 27 
semantics and order of questions for the interview guide, which was adapted to the 28 
cricket fast bowling context from previous expertise and talent development research 29 
in sport (Côté, Ericsson, & Law, 2005; Weissensteiner, et al., 2009). 30 
At the onset of interviewing, participants were reminded of the purpose of the 31 
inquiry and signed a consent form. Specific topics of investigation included: a) 32 
                                                 
1
 Specific details and statistics of each individual are not reported to protect the anonymity of 
participants. 
 7 
identification of significant others contributing to experts‟ development; b) 1 
engagement in physical activities, cricket related and otherwise; and c) identification 2 
of potential „rate-limiters‟ , defined as specific factors which might hinder the overall 3 
development of fast bowling skills. After rapport building conversations and broad 4 
questions to familiarise them with the inquiry theme, participants were asked about 5 
their developmental experiences and factors believed to hinder or contribute to their 6 
own fast bowling development. Self-reported data were collected in an open-ended 7 
way without prescribing categories for describing how participants might have 8 
become expert. Probe questions were used to encourage participants to expand on 9 
responses and provide depth to articulated perceptions. 10 
All interviews were transcribed verbatim with grammatical changes to 11 
improve the flow of the text if needed. A copy of the interview transcripts was 12 
emailed to each participant to authenticate that the information accurately reflected 13 
their perceptions (Miles & Huberman, 1994). They were asked to provide their 14 
written comments directly on the transcripts. Only a few minor changes were made to 15 
the transcripts.  16 
Data were analysed by the main researcher in NVivo software (QRS NVivo 8) 17 
using inductive reasoning. Open coding of each participant‟s transcript allowed 18 
concepts and themes to emerge from the data (Côté, Salmela, Baria, & Russell, 1993). 19 
Ideas or concepts were coded and used to conceptualize categories and/or sub-20 
categories. Once a new theme or concept had emerged from a transcript, the 21 
remaining transcripts were deductively analysed for the same theme. Themes 22 
expressed by two or more participants were considered significant. This process was 23 
flexible so that categories could be adjusted and refined during analysis, until 24 
theoretical saturation occurred and the themes conceptualized all of the data (Strauss 25 
& Corbin, 1998). 26 
In line with Miles and Huberman (1994) procedures used to maximize 27 
reliability and control research bias included: a) engaging in peer concept mapping 28 
sessions with co-authors; b) verification of data by participants, who were emailed 29 
interview transcripts and asked if they were in agreement with the content and to 30 
make amendments if needed. Triangulation of data was implemented with the use of 31 
public document analysis (e.g., scrutiny of authorised autobiographies) and the 32 
perception of participant coaches where possible (Miles & Huberman, 1994). Only 33 
minor changes to the transcripts of two participants were made. 34 
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 1 
 2 
Results 3 
Data revealed that a significant commonality expressed in the perceptions of 4 
the group of experts were nonlinearities in development trajectories and their unique 5 
adaptations to constraints during expertise acquisition. The existence of numerous 6 
different trajectories to expertise was highlighted. Experts came from a range of social 7 
backgrounds and expertise evolved under unique, interacting task, individual and 8 
environmental constraints. Here we discuss a number of specific emergent themes and 9 
provide participant observations and comments as exemplar evidence: 10 
 11 
Significant others contributing to experts’ development  12 
(i) Support networks 13 
From adolescence onwards, support networks, including family members, 14 
coaches, and team mates, were perceived as important. Parents and siblings were 15 
supportive in many different ways. Some parents preferred to play a less dominant 16 
role, adopting more of a facilitating role such as with transport assistance:  17 
“Oh look certainly my dad. He was the one that would always take me up to 18 
the nets. He‟d bowl to me for hours on end and then I‟d bowl to him for hours on end. 19 
He said he noticed a big difference as I was getting older he was finding it harder and 20 
harder to face me because I was getting quicker and quicker and it got to the point 21 
where he couldn‟t face me anymore. So that was a good gauge for me.” 22 
 23 
 Seven experts had parents who were actively involved in sports themselves. 24 
There was also a range of family interest in cricket, with some individuals coming 25 
from strong sporting families, with parents actively competing themselves: 26 
“We moved around a bit because dad was a school teacher and his philosophy 27 
in life was if you got into a town and you got hooked up with a sporting club it was 28 
just easy to meet people. So we were always pretty sporty orientated. So everywhere 29 
we went to a new place football and cricket became part of the way of life.” 30 
 31 
Some experts came from background were family members had little or no 32 
knowledge of cricket, but sought involvement with their children in a common 33 
activity, while other experts formed relationships with teachers at school providing 34 
coaching and support throughout early development: 35 
 9 
 “I never really realised how important sport was as far as a support structure 1 
to me, considering that my mother brought us up on her own, the three boys on her 2 
own. And it really taught me the lessons in discipline and values, in teamwork and all 3 
these things that I think it helped me out in that situation.” 4 
 5 
(ii) Senior Teammates and Competition 6 
All participants stressed the importance of opportunities to play with older 7 
cricket players, and the challenge of this environment. They felt the club structures 8 
protected them when required but also gave them the opportunity to play a more 9 
challenging level of cricket both in big cities and smaller locations. Many declared 10 
there was no specific fast bowling coaching available, so often senior team mates 11 
filled this gap, acting as coach-mentors: 12 
“Playing senior cricket and being around blokes that knew certainly enhanced 13 
it. So to come back to [small home town] and not play junior cricket where you‟re just 14 
eligible to continue to play senior cricket. I just think that the higher level you play at 15 
an earlier age the more chance you‟ve got to improve. Whereas if you stay in under 16 
fourteens till you‟re old then the under sixteen‟s till you‟re too old and then just start 17 
playing senior cricket, the guys that do that, their development just seems just a little 18 
bit slower.” 19 
 20 
(iii) National Idols 21 
Nine fast bowlers spoke of the role of idols in attracting them to cricket and 22 
providing motivation. The importance of cricket as an Australian way of life meant 23 
there were strong TV role models, with high participation and play rates seen as 24 
normal. 25 
“You know the Australia cricketers mean so much. Dennis Lillee was my 26 
favourite player by a mile. So I think he had a huge impact on me, you know he was a 27 
great bowler, great charisma, it was when it started to get marketing.” 28 
 29 
Engagement in physical activities  30 
(iv) The role of unstructured practice activity in available spaces in Cricket 31 
All experts mentioned the importance of “backyard” cricket in their 32 
development (for additional insights in cricket see (Cannane, 2009)). This activity was 33 
often undertaken with siblings and friends, in an unstructured environment allowing 34 
skill development in all aspects of the game, and with a strong focus on enjoyment, 35 
participation and competition: 36 
“The primary school was about four doors down; all the kids in the 37 
neighbourhood would just play cricket at every opportunity. So I think that 38 
unstructured play is very important as well” 39 
 10 
 1 
(v) Multiple sports involvement 2 
Ten of the eleven experts called themselves „sporting kids‟, two focused on 3 
one winter and one summer sport only, while the remainder tried every sport they 4 
were allowed to. Several participants reached state representative level in more than 5 
one sport, including basketball, athletics, tennis, AFL and Rugby: 6 
“I played a fair bit of rep. tennis throughout NSW, travelling around, was 7 
never that good, but it was always something I enjoyed. I play a little bit of golf, well 8 
quite a bit of golf when I was younger, just locally, and then I played a lot of rep. 9 
When cricket took off, I was also playing a lot of rep. basketball and travelling 10 
around. I guess I was always pretty competitive by nature and played different types 11 
of representative sports”. 12 
 13 
(vi) Late specialisation 14 
Experts were not involved in structured cricket until late in their teens, 15 
typically viewing this experience as beneficial to their development. Eight out of 16 
eleven experts did not specialise as fast bowlers until late in development and 17 
considered themselves all-rounders (batters and bowlers), while others always 18 
classified themselves as fast bowlers and felt the desire to bowl fast: 19 
“I can honestly say I didn‟t come into cricket as a kid saying „I want to be a 20 
fast bowler,‟ it just sort of happened because you know I had talent both bat and ball 21 
but I didn‟t really sort of start to bowl fast so to speak until I sort of got to about 16, 22 
17 when I really sort of shot up, grew about four or five inches, very quickly filled out 23 
a bit and all of a sudden bowled a yard or two quicker than I did the year before.” 24 
 25 
 “Yeah, I was always a fast bowler. I used to bat a little higher up in the country, 26 
you know. But, yeah, I loved bowling, being a fast bowler, and that was what I always 27 
was” 28 
 29 
Rate limiting factors which hindered overall fast bowling skill development  30 
(vii) Locality of development. 31 
In line with previous research (Côté, MacDonald, Baker, and Abernethy, 32 
2006), birthplace effect data revealed experts from small cities and rural settings were 33 
over-represented in the group (shown in Table 2). This is of significant interest in our 34 
group, as most of the population, sporting opportunities and resources are 35 
concentrated in a few urban centres in Australia. Five of the participants grew up in 36 
rural towns or small cities, providing some support for the view that smaller 37 
conurbations may provide better opportunities for talent development in sport than 38 
 11 
larger cities. Fast bowling experts felt the smaller communities provided them with 1 
more space for physical activities. 2 
 3 
****Table 2 near here**** 4 
 5 
  However, experts who grew up in the city also had access to open spaces to 6 
develop their skills, including local parks, school grounds, and backyard facilities:  7 
“Oh look I think I did what every other kid did, play you know like backyard, 8 
front yard, bowling at the garbage bin. I remember setting up under our house where 9 
I grew up drawing some stumps on the brick wall paint and just bowling for hours 10 
and hours at it. I didn‟t know any different.” 11 
 12 
Sibling competition was noted as important in some, but not all cases. Often 13 
community neighbours or friends were often involved in backyard cricket and 14 
numerous hours of play:  15 
“He‟s [brother] only 18 months older than me, so we played lots of sports 16 
together. Competing in the backyard, he was always better than me, he was always 17 
faster. I think I may have got a competitive outlook on life from trying to beat my 18 
older brother all the time.” 19 
 20 
“We would go down the park, we took things pretty seriously in the park. We 21 
would always pick up teams and play test matches and things like that so that would 22 
be after school, or on the weekends whenever we could.”  23 
 24 
 25 
(viii)  Seeking out new challenges: the evolving athlete 26 
Experts actively sought out challenges to optimise their development. This 27 
tendency to seek new challenges formed the basis of adaptivity and longevity, 28 
requisite for maintaining expertise in later life. Experts sought new challenges in a 29 
variety of ways, the more obvious being movement between clubs and cities. Smaller 30 
cities may have less structured and more spacious, safe sports environments which 31 
may facilitate development in junior sport. However, in the sample, all athletes from 32 
smaller cities either commuted or eventually moved to larger cities to increase the 33 
competition and chance of future success. For two participants this move occurred 34 
during high school years and they remained in the city once they had finished high 35 
school and had left home.  36 
”I knew that to further my cricket I couldn‟t stay down [there] and that‟s no 37 
disrespect to the level I was playing or the team I was playing for. I knew that if I 38 
wanted to get better I had to go down and play in Sydney.” 39 
 12 
 1 
 Some athletes moved states to attend University or to further their career at 2 
this stage. It was felt that some states had too many bowlers, or bowlers were labelled 3 
as not being able to get any further or make state representative squads, thus experts 4 
moved locations to make opportunities for selection:  5 
 ”I was twenty-four and I‟d developed a reputation in district cricket here but I 6 
didn‟t seem to be able to get to the next level but I just seemed to be a district 7 
cricketer and people just thought „oh he can bowl fast but they‟re not going to play 8 
him.‟ So I went across there and that‟s where I got the opportunity. I think you find a 9 
lot of people change states.” 10 
 11 
(ix) Coaching and individual learning  12 
Through self report participants alluded to personal characteristics that helped 13 
to shape their performance during early development. Being independent and always 14 
being open to new ideas and striving to learn and improve were seen as critical 15 
throughout the fast bowling development pathway. Being from a country background 16 
was believed to lead to greater hardiness and toughness by a number of the 17 
participants: 18 
“I think growing up in the bush makes you a little bit tougher too. Working on 19 
the land, driving the tractor and putting crops in when I was nine and 10 years of age, 20 
and I think the other thing [was that] I didn‟t mind being by myself, I was happy with 21 
who I was. I think the most important thing was I was just enjoying it; going out and 22 
having fun and just being relaxed. I think, you know maybe playing in the bush and 23 
travelling so far [to play cricket] you have got to be prepared to sacrifice a few 24 
things.” 25 
 26 
While fast bowlers mentioned a lack of coaches during this phase, they also 27 
spoke of continued learning based on experiences and self discovery: 28 
“I always found that I learnt best by doing something and learning, having the 29 
kinaesthetic process of doing something for me to learn. Yeah, to feel it so that if it 30 
was a mistake then I‟d change it and I always felt that like whether it‟s swinging the 31 
ball or correcting technique and relying on instinct to do that. And I think for me that 32 
suited me and helped me a lot through that process, there wasn‟t anyone directing 33 
saying „you‟ve got to do this, this is the way to bowl and this is the way you fix that 34 
and do that.”  35 
 36 
Often individual constraints such as height, percentage of fast twitch fibres, 37 
style of bowling and specific experiences resulted in the emergence of different types 38 
of pace bowler style. Experts expressed the importance of building technique on their 39 
own unique intrinsic dynamics (i.e. a system‟s unique dispositions for behaviour 40 
 13 
shaped by interactions of genes, development, and learning experiences). For many of 1 
the experts, the lack of formal coaching at youth level helped this exploratory process 2 
as it enabled co-ordination to emerge through discovery learning without over-3 
prescriptive coaching.  4 
“The thing the bowlers [have] got to realise is that no one‟s got the same 5 
bowling action, everyone is unique and that‟s the greatest thing about sport. So to me, 6 
what a coach should be doing is actually encouraging them to be themselves; bowl 7 
the way they should ... Don‟t try and bowl like [several Australian Fast Bowlers], 8 
bowl the way that you‟ve been brought on earth to bowl., You know, bowl your 9 
normal action but do everything you possibly can to make sure that‟s taking as much 10 
stress of your back as you possibly can.” 11 
 12 
At older ages when players were at a more advanced stages of learning, 13 
refinements in techniques could be made by more expert coaches at the cricket 14 
academy level. A number of participants expressed the importance of the Cricket 15 
Australia Academy. The importance of this development program was captured by 16 
access to mentors, learning about what it meant to be a professional cricketer, training 17 
ethics, understanding techniques, game tactics, and discovery learning. 18 
Retrospectively experts highlighted the importance of „knowing your body‟ and how 19 
to balance workload issues, particularly during adolescence: 20 
“Oh massively. Before going to the cricket academy, training was basically 21 
non-existent. I would just turn up and roll my arm over in the nets or have a hit, no 22 
real clear plan; it was just something you had to do to play on the weekend. I guess 23 
going to the cricket academy really showed me what I had to be prepared to do, 24 
training-wise. You know: have plans and goals and set things like that, whereas 25 
beforehand there was not too much thought to it.” 26 
 27 
Additionally, experts highlighted that one important role of the academies was 28 
to provide access to their idols, iconic ex-professional players and coaches who could 29 
pass on experiential knowledge to developing players. 30 
 31 
(x) Psychological attributes and dealing with injury 32 
Psychological attributes were highlighted: Intrinsic motivators, strong work 33 
ethic, sacrifice, resilience, self-confidence, passion as well as athletic skill, 34 
development of pre-ball and pre game routines, game tactics, dealing with pain and 35 
pressure. 36 
“To be successful, I think at a higher level it‟s all about attitude, and the guys 37 
that are prepared to work harder, prepared to listen, always looking to learn, I think, 38 
will always have more potential.” 39 
 14 
 1 
“No I loved it [pressure]. I always felt my strength in the game was the mental 2 
side of the game. I felt I was mentally strong, I was happy with who I was and could 3 
handle things pretty well. When I played my first game for New South Wales I was 4 
just loving it, I wasn‟t nervous I didn‟t put any pressure on myself, I just went out 5 
there and enjoyed it as much as I could.” 6 
 7 
Injuries were a prominent hurdle for aspiring bowlers to overcome and often 8 
contributed to the reasons why some athletes took time out from bowling. Several 9 
spoke about the determination it took to come back from injuries:  10 
“Well, the doctor told me when I was 18, you know you have got a complete 11 
fracture through your lower back. You know you won‟t be able to bowl fast again, you 12 
will be actually lucky to run properly without pain, you might want to work on your 13 
batting or you might want to choose another sport. And I was like, this is what I was 14 
thinking to myself, I don‟t buy that. .... So I said to the doctor, look I will be going 15 
away and doing everything that you ask me but I will see you when I‟m playing my 16 
first test match for Australia, and left it like that.” 17 
 18 
 19 
Discussion 20 
 21 
The developmental trajectories of expertise acquisition can be conceptualised 22 
in a framework including dynamical systems theory and the complexity sciences as 23 
we highlight below. In this study, it was evident from the data that the unique 24 
constraints impinging on numerous levels of the system can be looked at on many 25 
levels, (including differences in familiar support, birthplace locality, specialisation 26 
late in sport, formal development program support, different rates of maturation), 27 
resulting in varying non linear pathways to fast bowling excellence. Data identified a 28 
key role for unstructured practice activities in optimal learning. Experts surrounded 29 
themselves with strong support networks advantageous to cognitive, physical and 30 
emotional development, and importance of key cultural constraints was exemplified. 31 
The level and type of support required changes at different timescales and is unique to 32 
each individual. Developing experts resembled complex evolving systems, by 33 
harnessing nonlinear transitions in performance, through seeking out new challenges, 34 
exposure to optimal learning designs, self discovery and rich support networks in the 35 
acquisition of expertise. 36 
 37 
 15 
Degeneracy underpins adaptability and nonlinear trajectories of expertise 1 
acquisition 2 
Sub-system interactions continually shape each individual athlete‟s intrinsic 3 
dynamics or dispositions for behaviour. Because of variations in each athlete‟s 4 
intrinsic dynamics, individual rates of skill acquisition are likely to progress at 5 
different time scales (Liu, Mayer-Kress, & Newell, 2006). In the data, this effect was 6 
observed in different stages of specialisation and involvement in numerous sports 7 
until late in adolescence (e.g., Vayeens et al., 2009). The different rates of learning 8 
were influenced by key constraints which acted as „rate limiters‟, causing systems to 9 
find new functional performance solutions (Handford, Davids, Bennett, & Button, 10 
1997). Rate limiters can be defined as system controllers, i.e. components or sub-11 
systems which limit the development of an individual (Thelen & Smith, 1994). For 12 
example, in cricket, going through a growth spurt may act as a rate limiter both 13 
psychologically and physically, which inhibits athletes from demonstrating the skills 14 
that they had already acquired through practice and experience. Performance 15 
decrements may in turn affect motivation and performance opportunities (associated 16 
with non selection). An important challenge is to create talent development programs 17 
which consider the effects of different rates of learning and growth and maturation, 18 
and identify the rate-limiting constraints which are influencing each specific expert 19 
system in order to manipulate them and facilitate transitions to a new performance 20 
level (Cobley, Baker, Wattie, & McKenna, 2009). 21 
Results provided strong support for previous research highlighting the 22 
importance of unstructured practice activities, such as „backyard‟ cricket 23 
(Weissensteiner et al., 2009; Cannane, 2009), this was encouraged by cultural 24 
constraints, providing experts‟ with the capacity to adapt movements to emerging task 25 
and individual constraints. This unstructured play was also important for promoting 26 
enjoyment, participation and competition at various stages of development. These 27 
early experiences shaped the intrinsic dynamics and movement patterns of developing 28 
experts, as they naturally discovered creative movement solutions in unstructured 29 
play. 30 
Abundant beneficial cultural constraints were identified by experts, such as the 31 
ease of access to playing fields and the accommodating climate in Australia which 32 
encourage skill development. The importance of Cricket in most Australian families 33 
meant that numerous hours of play and practice were effortlessly accrued, particularly 34 
 16 
during adolescence. The sheer number of children participating in sport, the excellent 1 
television coverage, and support networks within local sports and school 2 
communities, all aided development of sporting and cricket skills on many levels. 3 
While deliberate play (in the form of less structured practice activities) was 4 
found to be important, early deliberate practice in fast bowling skill specifically did 5 
not receive the same support in the sample. The majority of experts did not specialise 6 
in fast bowling until their late teen years. However, all experts spoke of the abundance 7 
of opportunities for general cricket participation (structured and unstructured play) 8 
that  they enjoyed throughout adolescence. Several experts were not even involved in 9 
structured cricket until late in their teens. Because of the high injury rates associated 10 
with workload issues endured by fast bowlers during maturation, some reported that 11 
this late exposure to structured cricket may have been beneficial for them. This 12 
perception directly contrasts with the notion of the need for high levels of early 13 
deliberate practice, considered important in other sport performance domains (Coté et 14 
al., 2007). 15 
The existence of strong support networks was evident in all experts, although 16 
the sources of support varied, as did the level of dependency of the expert. Sources 17 
varied but included siblings, parents, extended family, neighbours, community, 18 
teachers, coaches, team mates, best friends and senior players. Dynamics of the 19 
support system was unique to each individual. Some parents, particularly fathers, 20 
were very „hands on‟ in their support of cricket development, even those without 21 
coaching or cricket experience. Others had little or no involvement and in these cases, 22 
experts formed relationships with teachers at school, peers or senior club players 23 
providing coaching and support at various stages of their development. 24 
All participants stressed the importance of opportunities to play with older 25 
cricket players, and the challenge of this environment. The practice and performance 26 
environments made sure players were continually challenged and always on the edge 27 
of stability, forcing them to constantly adapt their behaviours and increase their level 28 
of performance. They also felt the club structures protected them when required but 29 
also gave them the opportunity to play a more challenging level of cricket, both in big 30 
cities and smaller locations. Many affirmed there was no specific fast bowling 31 
coaching available, so often senior team mates filled this gap. These ideas bring into 32 
question the relevance of birth date effects by arguing that these constraints on 33 
expertise could be manipulated, depending on the dynamics of development 34 
 17 
environment, where backyard, and structured cricket environment are nor necessarily 1 
age-specific. Qualitative data suggested that introducing younger players to play with 2 
older, more experienced players may create a controlled, supportive, mentored 3 
learning programme. 4 
In the sample, all athletes from smaller cities either commuted or eventually 5 
moved to larger cities to increase the competition and chance of future success. This 6 
aspect of the data raises questions on the putative „place of birth‟ effect in the 7 
literature (e.g., Côté et al., 2006), suggesting that „place of development‟ may provide 8 
a more powerful constraint on expertise development (see also Schorer, Baker, Lotz, 9 
& Büsch, 2010). For two participants this move occurred during high school years and 10 
they remained in the city once they had finished high school and had left home. 11 
Experts were born in many different localities, but they all sought to optimise learning 12 
by partaking in high levels of competitive cricket, often associated with playing with 13 
seniors in larger conurbations. Several experts felt the benefits of smaller cities 14 
included earlier access to adult competition, and all saw the potential benefit of 15 
moving to larger cities to increase competition in their post-school years. These 16 
movements suggested the need to examine „place of development‟ effects in 17 
conjunction with birth place, as this interaction may provide greater insights on the 18 
constraints of performance development, than putative birth place effects alone.  19 
Support for the experts‟ drive to optimise learning was evident in the search 20 
for advantages even outside training or games. Many players became students of the 21 
game, who sought knowledge through various sources including: biographies, 22 
watching television, reading books, listening to coaches and/or idols. This information 23 
provided the basis of their profound domain-specific, adaptive „game‟ intelligence. 24 
Additionally the prominence of certain psychological characteristics including, 25 
commitment, self confidence, work ethic, resilience, determination and sacrifice 26 
supports previous research (Holt & Dunn, 2004; Weissensteiner, et al., 2009). 27 
 28 
Conclusion 29 
In this paper, we have observed strong support for previous theoretical models 30 
(Abbott, et al., 2005; Phillips, et al., 2010; Simonton, 1999) proposing that expertise 31 
acquisition can be construed as a messy, noisy and nonlinear process. It was evident 32 
that the unique interacting constraints impinging on numerous levels of complex, 33 
athletic systems resulted in varying nonlinear trajectories to fast bowling expertise. 34 
 18 
The key role of unstructured practice activities, optimising learning processes, strong 1 
support networks, and effects of cultural constraints were highlighted in fast bowling 2 
development. The difference between „place of birth‟ effects and „place of 3 
development‟ effects were discussed, suggesting the need for a more complex 4 
analysis of developmental histories. Additionally, birth date effects may have been 5 
mediated by opportunities for younger players to play with older, more experienced 6 
players (in a supportive environment). This experience creates a controlled, 7 
supportive, mentored learning programme, dissimilar to a „survival of the fittest‟ 8 
situation as might currently be perceived to exist in youth sport, which may facilitate 9 
talent de-selection rather than development (Abbott et al., 2005). Further work is 10 
needed to elucidate the rich interacting personal, task and environmental constraints 11 
that shape expertise acquisition in a range of different sports. 12 
13 
 19 
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 1 
Table 1: Participant Demographics (Mean + SD) 2 
Age (years) Test Wickets  Test Matches 
44.0 (10.6) 22.4 (135.1) 55.7 (28.4) 
 3 
Table 2 Fast Bowling Experts Sampling Years Locality 4 
Number Town/City Population 
3 < 50, 000 
2 < 300, 000 
6 > 1,000,000 
 5 
